Alcohol dehydrogenase as a critical mediator of retinoic acid synthesis from vitamin A in the mouse embryo.
Vitamin A (retinol) must be metabolized to an active retinoid ligand in order to fulfill all of its roles in vertebrate development. During retinoid signaling, retinol is first converted to retinal followed by conversion of retinal to the active ligand retinoic acid, which modulates nuclear retinoic acid receptors (RAR). The alcohol dehydrogenase (ADH) enzyme family may function in the metabolism of retinol, the alcohol form of vitamin A, as well as ethanol metabolism. Some members of the ADH family prefer retinol as a substrate over ethanol, and their ability to oxidize retinol is competitively inhibited by intoxicating levels of ethanol. Likewise, there exists an aldehyde dehydrogenase (ALDH) family containing several members preferring retinal as a substrate over acetaldehyde. The spatiotemporal expression patterns of ADH-IV and two forms of ALDH match the spatiotemporal detection of retinoic acid during mouse embryogenesis, i.e., no detection at 6.5 d of embryogenesis (E6.5), followed by detection at E7.5 in the primitive streak, and then detection in numerous tissues later in development. This suggests that certain forms of ADH and ALDH may cooperate to upregulated retinoic acid synthesis during development. Treatment of mouse embryos at E7.5 with an intoxicating amount of ethanol leads to a reduction in retinoic acid levels. At E7.5, two other mouse enzymes known to metabolize ethanol (ADH-I and P450 2E1) are not expressed, indicating that ADH-IV may be the only enzyme available at this stage to metabolize both ethanol and retinol. These findings suggest that ADH-IV participates in the initiation of retinoid signaling by functioning as a retinol dehydrogenase and that this can be inhibited by ethanol intoxication.